Abstract: A large number of recent studies show that sustainable innovation requires specific and new dynamic capabilities related to a new form of collaboration with suppliers, customers, research institutes and other related partners. These sources and external knowledges and competences require new skills in managing relationships and knowledge integration. Considering this gap, the purpose of this paper is to identify how knowledge-based dynamic capabilities (KBDCs) influence the process of developing sustainable innovations. To meet this objective, we use a procedural approach from the reconstruction of the green plastic project, in its R&D trajectory, from retrospective interviews and secondary data. Our results point to a set of practices (microfoundations) essential in the development process of sustainable innovations. We also identify the changes experienced in the knowledge capabilities of the company throughout the development of the project; this component provides the originality of this paper.
Introduction
A large set of recent studies has been devoted to the study of sustainable innovations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Many of these studies, such as the study by Chakrabarty and Wang [11] argue that strong innovation capabilities are associated with sustainability practices in large companies. Also, Seebode et al. [12] highlight that managing innovation for sustainability companies needs specific strategies and capabilities. Petruzzelli [13] highlighted that green innovations are characterized by high levels of intra and inter levels of complexity. This is especially true because the combination of external and internal knowledge sources (necessary in sustainable innovations) requires new skills and capabilities to integrate knowledge [14] . The capabilities to manage knowledge in collaborative relationships are fundamental for innovation [15] [16] [17] [18] .
Knowledge-based dynamic capabilities (KBDCs) are a specific type of dynamic capability (DC), which is defined as the ability to acquire, generate, and combine knowledge resources to detect, exploit, and deal with the dynamics of the environment for innovation generation [19] . KBDC studies are recent and quite promising [20] . The research developed on this theme commonly uses the quantitative approach, focusing on assessing the relationship between KBDC and performance in innovation [19, [21] [22] [23] [24] [25] [26] . Qualitative empirical studies of KBDC are still scarce [27, 28] . In addition, as Faccin et al. [29] point out, although a series of books, articles and scientific events call attention to the importance of open and collaborative innovation for the leverage and maintenance of competitive In order to meet the goal of identifying how KDBC influences the development process of a sustainable innovation, we have carried out a unique case study with a procedural approach [30] , based on the presentation of a temporal map, with the aim of revealing news related to the case. The case chosen is the Braskem Green Plastic project. Created in August 2002, Braskem is now the largest producer of thermoplastic resins in the Americas, since the integration of six companies from Odebrecth Química and the Mariani Group. Braskem has 40 industrial units, distributed in four countries (Brazil, Mexico, the United States and Germany), with a production capacity of millions of tons/year of thermoplastic resins and basic petrochemicals Braskem [62] , which places it among the 20 largest chemical companies of the world [63] . Currently, Braskem is the world's leading producer of biopolymers, with a production in the order of 200 thousand tons/year.
To reconstruct the trajectory of the project that developed green plastic, an important sustainable innovation, we organized a secondary data inventory with 295 documents, divided into: Braskem's Sustainability 2019, 11, 2392 5 of 22 documents (49), Scientific Articles (16) , Books (4), Patents (34) and News (from newspaper and magazine websites -192) .
From the content analysis of these documents, we were able to reconstruct the history of the green plastic project's narrative [31] . At the same time that we paid attention to the details of the contents on these documents, we used the software ATLAS.ti as support for indicating the microfoundations used by the company during project development. Once the identification of the practices (microfoundations) was completed, we returned to the narrative in order to verify if all the practices identified with software support were in the elaborated narrative. This strategy allowed a verification of data analysis.
After this stage, we identified the time periods where explanations were necessary, as well as a set of questions to conduct retrospective interviews, which allowed for the validation of the narrative we constructed, as well as the complementation of the story. We identified seven respondents in potential. These respondents were chosen because of their relevant participation in the Green Plastic Project, namely: (interviewee 1) Production Engineer (34 min); (interviewee 2) Production Coordinator (27 min For all seven interviewees we asked the same initial question: "tell me the history of the green project in detail, emphasizing the actions using internal and external knowledge." A semi-structured script was developed based on the KBDC microfoundation identification framework proposed by Zheng et al. [19] and used to guide the interviews. When the respondent spontaneously cited the information that was missing in the narrative, the interview went on as an informal conversation. Sometimes it was necessary to emphasize some event and request specific information about it.
After that process, we separated the microfoundations (practices) according to each of the KBDCs pointed to in the Zheng et al [19] framework. From there, we constructed the visual map that provides representations of the process. This type of data presentation strategy allows the decomposition of events into stages [31] .
The case of the Green Plastic project was divided into three methodological stages from the identification of the most important events. Thus, as pointed out by Van de Ven and Poole [64] , we adopted for this study the linear sequence pattern of phases that occur over time to produce a given result. For purposes of data collection and analysis, the schedule was divided into three distinct periods: 1) called "The incorporation of Salgema into the search for production processes with renewable raw materials"; 2) "From the beginnings of Green Plastic to the launch of Green Polyethylene (Green PE) in the market" and 3) "The Innovations Green Polyethylene and Green Polypropylene (Green PP)". In this sense, the first step, that is the phase in which there was a predominance of practices linked to the acquisition dimension, started in the year 1995, during the acquisition of Salgema, and ended in 2003. The second phase is the one in which more practices related to the combination dimension were identified. This phase began in 2003, when the need to study ways to improve polyethylene production technology was identified, and ended in 2006. Finally, the last phase was the one that presented a set of practices, now linked to the dimension of creation, or to the combination, with the practices of creation that would be supportive for those of combination. This phase began in 2006, with the filing of the company's first patent for a petrochemical molecule obtained from renewable sources and is currently ongoing.
Results and Discussion

Phase 1: From the Incorporation of Salgema to the Search for Production Processes with Renewable Raw Materials (1995 to 2003)
Salgema Indústrias Químicas had its share control acquired by Odebrecht Química in 1995. It is this moment, with the incorporation of Salgema and its technology of ethylene production from ethanol-that is, the acquisition of strategic assets, that begins the first phase of the Green Plastic project. In August 2002, Salgema became Braskem, after forming a strategic alliance of Odebrecht Química with the Mariani Group, as reported by the Química website [65] . In the period from 1995 to 2002, no relevant event related to ethanol dehydration technology occurred. In August 2002, Braskem was born with 13 industrial units in Brazil. In a public commitment disclosed to the market and to the company on 16 August 2002, Braskem was strategically positioned as a company guided by two pillars, innovation and sustainable development [66] .
Soon after the creation of Braskem, the possibility of reactivating the Salgema ethanol plant was placed on the agenda, in internal discussions of the company. However, in the following year (2003) , the company decided to start the search for production processes that allow the use of renewable raw materials. Immediately, the proposal to revisit Salgema's ethanol production project gained strength.
Therefore, it can be seen that in 1995 Odebrecht identified the existence of a useful external knowledge. Here, absorptive capacity was evidenced in the terms of Cohen and Levinthal [42] . An opportunity for the assimilation and application of new knowledge for commercial purposes was identified; this result leads us to understand this phase as predominantly tied to the acquisition dimension [19] . Later, this knowledge would contribute to the company's innovation capacity and, consequently, its competitiveness [42, 43] .
Therefore, the practices related to this dimension are understood as capable of increasing the company's ability to obtain and sustain a competitive advantage in the market [43, 67] . Table 1 presents the micro-foundations, examples of actions and empirical evidence of these actions. In a public commitment disclosed to the market and to the company on August 16, 2002, Braskem was strategically positioned as a company guided by two pillars, innovation and sustainable development [66] . Soon after the creation of Braskem, the possibility of reactivating the Salgema ethanol plant was placed on the agenda, in internal discussions of the company. However, in the following year (2003) , the company decided to start the search for production processes that allow the use of renewable raw materials. Immediately, the proposal to revisit Salgema's ethanol production project gained strength.
Therefore, the practices related to this dimension are understood as capable of increasing the company's ability to obtain and sustain a competitive advantage in the market [43, 67] . Table 1 presents the micro-foundations, examples of actions and empirical evidence of these actions. [66] . Soon after the creation of Braskem, the possibility of reactivating the Salgema ethanol plant was placed on the agenda, in internal discussions of the company. However, in the following year (2003), the company decided to start the search for production processes that allow the use of renewable raw materials. Immediately, the proposal to revisit Salgema's ethanol production project gained strength.
Therefore, the practices related to this dimension are understood as capable of increasing the company's ability to obtain and sustain a competitive advantage in the market [43, 67] . Table 1 presents the micro-foundations, examples of actions and empirical evidence of these actions. the principles of creating value, continuous innovation, excellence in products and processes and customers appreciation. Our work is founded on a quality logic, competitiveness and sustainability, where environmental responsibility is an essential part of business strategy." [66] Companies in the same industry "The starting point was the decision of the Odebrecht and Mariani groups to participate as buyers in the auction of COPENE (so-called ESAE assets) and integrate to this central their own assets of the petrochemical industry, to create a new company. [ . . . ] The creation of Braskem in 2002 is a milestone in the restructuring of the Brazilian petrochemical industry process. All our actions were guided by the vision of building a world-class Brazilian petrochemical company committed to the principles of creating value, continuous innovation, excellence in products and processes and customers appreciation. Our work is founded on a quality logic, competitiveness and sustainability, where environmental responsibility is an essential part of business strategy." [66] 4. The interest in reactivating the knowledge acquired with Salgema for the production of ethylene, however, raises another question. Part of the managers and the technical team understood that this technology, which had been inactive for almost two decades, was obsolete, as it did not offer a product with the desired purity to produce polyethylene of the desired quality. In this way, it would be necessary to study ways to improve the technology. It is precisely this event that marks the beginning of the transition to a new phase in the Green Plastic project. However, the project did not evolve significantly until 2005, when it became part of the company's innovation pipeline.
Braskem is growing at a rapid pace, and this growth focuses on basic structuring to begin the escalation of innovation and sustainable development. In 2004, the company created the Braskem Innovation Program, with the objective of mobilizing resources for technological innovation and operational excellence. Braskem also signed the International Declaration on Cleaner Production of the United Nations (UN) and became the first Brazilian company to sign this commitment [68] . In 2005, Braskem began to use the Life Cycle Analysis (LCA) methodology of its products and became part of the recently created Corporate Sustainability Index of the São Paulo Stock Exchange.
The year 2006 is very relevant. Braskem realized, through conversations with customers, that there was a desire for a sustainable polymer other than polyethylene to be produced. The desired polymer was polypropylene (PP), whose range of value-added applications would be higher than that of polyethylene (PE). PP is widely used in the automotive sector, electronics, household appliances and packaging. PE, for its part, has a wide application in packaging, tubes, bags and plastic films. The speech of one of the interviewees reads this:
Braskem was much provoked by them. They are a very relevant customer of the company. It was very provoked by them, in the sense of having a more sustainable plastic [ . . . ] I had the opportunity to participate in some meetings with them, the great product that they wanted, was a renewable source polypropylene . . . it was not so much a polyethylene [ . . . ] because the PP has many more applications (Interviewee 4).
Producing PP from a renewable source was a technology that did not exist until then, unlike PE, which could be produced starting from ethanol. In a strategic decision, the company decides to invest in the two projects, knowing that each would have different delivery timings, as one of the interviewed researchers comments:
One was strategic to position itself in the market (green ethene) because it was easier to do-Oh, we know how to do it and we have the first Green PE certificate. While the other was strategic, from the point of view of a variety of applications with high added value . . . but since one had to "start from scratch", the path was longer [ . . . ] it was necessary to invest first in basic research, to then make the jump for industrial application (Interviewee 7).
On the one hand, Braskem is advancing with the Green PE project, designing and building a pilot plant to produce Green Ethanol in Triunfo/Rio Grande do Sul. On the other hand, Braskem has initiated internal studies to identify opportunities for production of the Green PP.
Thus, at this stage, a knowledge that had been acquired in the previous phase, through the incorporation of Salgema Indústrias Químicas, began to be perfected to launch the first Green PE of the market. It is therefore possible to integrate internal and external knowledge with the possibility of generating new knowledge [19] , which will happen only in the next phase. Table 2 presents the main practices of this phase, which is characterized as a combination, because the practices of this dimension are those that directly impact the mobilized KBDC. The creation practices are more structural and/or relate to the certification that will provide support for the next step to be characterized as an association of creation and combination. This factor demonstrates that, as stated by Zheng et al. [19] , that acquisition and creation practices are preconditions for combination and contribute indirectly to innovation. Braskem entered a new phase of developing its knowledge-based dynamic capabilities on October 11, 2006 . This date marks a historic milestone, as it features the deposit of the company's first patent, a petrochemical molecule obtained from a renewable source. Braskem's exclusive patent, BR200604284: Integrated process of the production of "I suffer" [70] , is the first of many patents associated with renewable technologies deposited by the company.
The Green Ethene pilot plant began operations in the first half of 2007, with the objective of improving the technology of the industrial unit that operated in the 1980s in Salgema. The whole process that involved the construction of this pilot unit, its start and operation, counted only on the existing human capital within the organization. Engineers and Operation Technicians, who operated the Salgema unit, as well as professionals and researchers of the company's R&D, were part of the work team of this project.
A relevant event in this period occurred on August 21, 2007, when Braskem announced to the world: "Braskem has the first certified Green Polyethylene in the world". The certification was given Braskem entered a new phase of developing its knowledge-based dynamic capabilities on October 11, 2006 . This date marks a historic milestone, as it features the deposit of the company's first patent, a petrochemical molecule obtained from a renewable source. Braskem's exclusive patent, BR200604284: Integrated process of the production of "I suffer" [70] , is the first of many patents associated with renewable technologies deposited by the company.
A relevant event in this period occurred on August 21, 2007, when Braskem announced to the world: "Braskem has the first certified Green Polyethylene in the world". The certification was given Analysis of the value chain Management "Braskem starts using the Life Cycle Assessment (LCA) methodology of its products." [62] 4.3. Phase 3: The Innovations Green Polyethylene and Green Polypropylene (2006 to date)
Braskem entered a new phase of developing its knowledge-based dynamic capabilities on October 11, 2006 . This date marks a historic milestone, as it features the deposit of the company's first patent, a petrochemical molecule obtained from a renewable source. Braskem's exclusive patent, BR200604284: Integrated process of the production of "I suffer" [70] , is the first of many patents associated with renewable technologies deposited by the company.
A relevant event in this period occurred on August 21, 2007, when Braskem announced to the world: "Braskem has the first certified Green Polyethylene in the world". The certification was given Management "Braskem is the first Brazilian industry to sign the UN International Declaration on Cleaner Production." [68] Investing in R&D laboratories Analysis of the value chain Management "Braskem starts using the Life Cycle Assessment (LCA) methodology of its products." [62] 4.3. Phase 3: The Innovations Green Polyethylene and Green Polypropylene (2006 to date)
A relevant event in this period occurred on August 21, 2007, when Braskem announced to the world: "Braskem has the first certified Green Polyethylene in the world". The certification was given Management "Braskem starts using the Life Cycle Assessment (LCA) methodology of its products." [62] 4.3. Phase 3: The Innovations Green Polyethylene and Green Polypropylene (2006 to date)
A relevant event in this period occurred on August 21, 2007, when Braskem announced to the world: "Braskem has the first certified Green Polyethylene in the world". The certification was given by an American laboratory, which tested according to international standards for the determination of renewable carbon content [71] : "From this announcement, the company has gained another status, Braskem has become global" (Interviewee 4). Together with the announcement of this innovation, the company announced the investment in an industrial unit to produce Green Ethene, with 200 thousand tons/year capacity. This movement mobilized customers interested in innovation. National and multinational companies in the automotive, food and cosmetics sectors signed a memorandum for the purchase of Green PE, 3 years before the plant started production. This interest was solidified with the presentation of the Green PE produced at the K-fair in Düsseldorf, Germany, and with the award given by the European Bioplastics association in the category of Best Innovation in Bioplastics. Another organizational movement in 2007 was decisive for Green Plastic to gain industrial scale. In March 2007, Braskem acquired the assets of Ipiranga Petroquímica, including the part of shares in Companhia Petroquímica do Sul (Copesul), in Triunfo/RS. With this merger, Braskem became the majority shareholder in Copesul, thereby assuming its control. At the beginning of the following year, the company decided that the Green Ethane unit would be precisely in Copesul. There is recognition here of the importance, assimilation and application of a useful external knowledge, characteristic of KBDC acquisition [19] .
A multidisciplinary work group is set up for the industrial unit project in early 2008, counting on professionals from several Braskem units in Brazil but mainly professionals from the newly incorporated Copesul. All the professionals were gathered in a common office, where they remained working together for about 15 months. The industrial plant project was attended by external consultants who were chosen on time to support specific points that were not the domain of the company's professionals. Thus, the work here is characterized the ability to integrate the knowledge of different segments, teams and individuals, which is characteristic of the KBDC combination [19] .
The year 2008 also had three other relevant events, which reinforced the image of the company and Green Plastic. The first of these was the partnership with a Brazilian toy manufacturer, which launched a board game whose pieces of plastic were made with Green PE, produced in the Green Ethane pilot plant. For the first time, Green Plastic came to market as a consumer good. Another relevant point was the first agreement signed with a large Japanese company, to commercialize in the Asian market. Before Green Plastics, the company had not been able to establish such a partnership. Thus, the ability to combine knowledge from different technological or market fields can be seen here [19] .
Finally, the trophy delivered to the winner of the Formula 1 Brazil Grand Prix, held in November of that year [72] , was produced. This trophy was also made with Green PE produced in the pilot plant and had its design done by the architect Oscar Niemeyer. In this case, the ability to create marketing knowledge is demonstrated [19] .
The year 2009 began with the launching of the "cornerstone" of the industrial plant of Green Ethane in Triunfo/RS. The design of the plant evolved rapidly and its management methodology became a milestone within the organization, as detailed by one of the engineers interviewed:
This project was an unconventional project. It was one of the first projects that were called Fast Track. It's a project where you mix steps. You do not wait to complete the project detailing step to purchase equipment. You buy the critical equipment before. This made it possible to execute this project in a very admirable time (interviewee 3).
The industrial unit of Green Ethane had its construction completed and began operations on 3 September 2010. At this moment, Braskem became the world leader in the production of biopolymers.
In addition to the speed at which the design and construction of the plant were carried out, attention is drawn to the dynamics of the creation of established knowledge on the different stages of this phase of the project. In the multidisciplinary work group established for the construction of the plant, reports of engineers interviewed show that the use of explicit knowledge, derived from previously implemented projects, was fundamental for the evolution of the Project:
The big gains we had were to get technologies we already knew and put them on the project. Likewise, the tacit knowledge, derived from the experience of the participants, was essential after the departure of the industrial unit:
If you ask if the plant was operating, the result is the same as the initial project. I will answer that it is not. In these 8 years of the plant, we have changed a lot of things. It was learning and remodeling, testing parameters and conditions to get the best out of the plant. [ . . . ] And then, we see that in these eight years of operation, we are still learning (interviewee 2). Green Ethene, for example, I would say now, after 8 years, is a technology that is getting mature. There have been many advances since the beginning, improvements that have been made and have made it much more competitive (interviewee 7).
It was not only in the process and production that knowledge was built. There was significant organizational learning in relation to the relationship with customers, especially since the moment the innovation reached the market, according to reports from a representative of the commercial area:
Braskem is a company that produces commodities. Commodities have their pricing dictated or regulated by international oil price indicators and availability of raw material. Then, how the "green" fit into it, it was a bit different. In fact, we had to learn how to "sell a specialty", that did not exist within Braskem. [ . . . ] then this is something that we also had to learn over time. Our teams today work much closer to the brand owner, the retailer, who is at the end of the day buying the concept of "Green Plastic" (interviewee 4).
The tightening of ties with large customers was one of the great gains obtained after the Green Plastic innovation. For example, numerous partnerships were established to produce solutions using Green Plastic in conjunction with these customers. This is a fact that continues today. Access to these partners is mainly due to structured and transparent management, represented in quality certifications and the signing of voluntary commitments to sustainable development. The acknowledgments received by national and international entities were also contributing aspects. An image of credibility in front of the market was built and recognized:
Today we end up accessing companies that, if it were not for the Renewables portfolio, we would not access. Or at the very least, it would be much more complex for us to access. [ . . . ] It can be said that the first global business that Braskem had, was the Green PE (interviewee 4).
A relevant note to the market reach achieved by Green Plastic is the transcendence from the "global to the universal". In 2016, in partnership with a US company, Green Plastic arrived at the International Space Station after a period of research to develop a technology for the 3D printing of tools to be used by astronauts. The partnership evolved, and today, besides the plastic being renewable, all the printed material is 100% recycled for use in the printer.
In parallel to the Green PE project, a multidisciplinary team was set up to work on another strategic project of the company, a value-added plastic superior to PE known as Green PP, whose main applications are in the automotive, consumer electronics and packaging industries. As evidenced by the fact that Braskem was interested in the production of a sustainable PP solution in 2006, Braskem started to mobilize for the development of strategic partnerships that would allow the creation of a technology that had not previously existed. Partnerships with public and private institutions were formalized. Research funding bodies, universities, research centers and companies specialized in technology development were involved in this project, which it perpetuated from 2008 to 2013.
In an event in March 2008, Braskem produced, in laboratory scale, the first Green PP made from 100% renewable sources in the world. In March 2012, shortly after completion of the basic engineering project, the company announced in the media that it would make the investment in an industrial unit for the production of Green Propene. However, changes in the world market scenario, mainly associated with the reduction of oil prices and the entry of new players in North America and Asia using shale gas as a raw material (much more competitive than naphtha and ethanol) reduced the competitive potential of renewable raw materials and forced a change of investment strategy. Even if the plant had not been built (at least to date), the project itself has generated numerous organizational lessons. Starting from scratch meant that before developing the technology, it was critical to develop the science. The first collaboration partners were, in this way, Universities. When we talk about biotechnological routes, we are talking about high risk. We are talking about something that no one has ever done in life, that there is nothing similar. So, it is very difficult to achieve technological success in a short time. I'm not even talking economically, because it really is very difficult to achieve something that is competitive in the short term. This was another great project, which lasted around 3 or 4 years in development with them, in which there were many people working on the development of this project [ . . . ] besides our people, of course (interviewee 7).
Another partnership in biotechnological studies was signed in 2010, this time with the National Laboratory of Biosciences (LNBio). LNBio is part of the National Center for Research in Energy and Materials (CNPEM), a private research and development institution supervised by Brazil's Ministry of Science, Technology, Innovation and Communication (MCTIC). "The partnership we are starting today with a focus on green polymers is certainly the first step towards a more audacious, mid-term goal common for all of us: developing a chemistry-based innovation platform from renewable raw materials", said the president of Braskem, at the time, in an interview published by CNPEM's communications advisor [73] .
After two years of investments in several partnerships, at the end of 2010, it was decided that the first industrial unit of Green Propene to be built would use a chemical route. If the science part was solved, the stage of technology had to be defined. Two methods would be possible at this time: to develop internally or to seek a partner. According to an engineer's account, the choice at that moment was to find a partner:
Well, in fact, it was not exactly about getting a partner who already has a technology ready. Even though the Green Propene innovation has not materialized on an industrial scale, on smaller scales, it has been confirmed. Proof of this are the various patents derived from established collaborations, as well as the studies developed internally by Braskem R&D. Braskem, from 2010, has established initiatives that have increased the proposed scope for the use of renewable raw materials. In a presentation to investors held earlier this year, a new strategic direction of the organization was announced: "Be the world leader in sustainable chemistry, innovating to better serve people" [74] .
Partnerships with scientific development agencies, universities, governments and private research centers have been established, focusing on the scientific and technological development of renewable chemistry. The development of the Green Butadiene [75] , Green Isoprene [76] , Green ethylene-vinyl acetate copolymer (EVA) [77] and the Green MEG [78] are some examples.
The relationships established in these projects, as well as those engaged in the study of Green Propene, have produced various organizational lessons. Two events, in particular, portray this condition well. The first of these events was the inauguration, on 6 June 2014, of Braskem's Biotechnology R&D Laboratory, located in Campinas/SP. This laboratory was built for the study of new molecules from renewable sources. This event alone does not materialize the "audacious goal" affirmed by the then president of Braskem in 2010, when the partnership with LNBio was signed. According to one of the interviewed engineers, this event shows that the internalization plan of the know-how acquired dates back to a partnership signed in 2008 with a university:
[ . . . ] after this step with Unicamp, there were spin-offs from this partnership. That was Braskem setting up its own Biotechnology Laboratory, where it invested a lot. Today there are 30 Braskem researchers working, looking at renewable route options for the production of renewable source chemicals. Be it ethene, propylene or any other interesting chemical (interviewee 7).
Another relevant event was the start of Braskem's activities in Boston, United States, on April 2018, reinforcing the organization's strategy. The speech of a manager, responsible for the area of Innovation in Renewable Technologies, describes this position well in an interview made available on the company website:
The Boston operation will complement our metabolic engineering capabilities at our Renewable Chemistry Research Center in Campinas, as well as our materials science competencies at our Research & Development centers in Triunfo (Brazil) and Pittsburgh (USA). In addition, the unit puts Braskem in a strategic ecosystem that will allow us to take advantage of important partnerships for market research and development [79] .
Collaborative relationships have been the focus of Braskem's actions. However, organizational learning, which resulted from the collaborations, has built a solid enterprise management structure for innovation. Braskem's R&D structure has 300 professionals distributed in three R&D centers (two in Brazil and one in the United States), 23 laboratories for quality control and process optimization and seven pilot plants. Per year, around 250 projects, on average, are in the innovation pipeline. More than 900 patents are deposited in Brazil and abroad, independently and in collaboration. Because of this, a team of professionals were established, dedicated to the management of company patents.
The number of independent patents has been increasing in recent years. The area of biotechnology is the largest contributor, showing that the know-how acquired in the collaborations lead the company to a new phase in the development of innovations, which have been mostly endogenous. However, the establishment of strategic partnerships to combine knowledge remains relevant to the organizational strategy. Since the first deposit in 2006, there have been 34 patents granted for renewable technologies.
In this third phase of the history of the Green Plastic project, Braskem established itself as a creator and combinator of knowledge, both in isolation and through collaborations with agents external to the company. The patent filed in 2006 demonstrates the ability to create knowledge, which is a precondition for the later combination of knowledge. Thus, this phase associates the dimensions of creation and combination of knowledge, since there is now the refinement and development of activities and processes for the generation/creation of new knowledge, or the integration of internal and external knowledge aiming to generate new knowledge, characteristic of KBDC combination [19] . In addition, the pilot plant, certification and presentation of the Green Plastic in Germany demonstrates the company's ability to create technological and marketing knowledge, that is, to develop and refine the activities and processes that facilitate the creation/generation of new knowledge [19] .
Thus, it can be seen that several creative practices linked to managerial and marketing knowledge have marked in this period and served as a precondition for other combination practices, characterized by partnerships, to combine internal and external knowledge to generate new knowledge. Zheng et al. [19] .
This phase reveals that in the process of developing sustainable innovation there were a series of practices needed to develop and refine the activities and processes that facilitate the creation/generation of new knowledge, mainly practices related to management and marketing, which contribute indirectly to innovation. Combining practices are those that demonstrate problem-solving and partnerships that have a direct influence on sustainable innovation [19] . Table 3 summarizes and exemplifies the microfoundations of each of the dimensions mobilized in phase 3. This phase is understood as a mixture of creation and combination, because the great majority of the practices that occur are of these two dimensions of KBDC. Thus, creative practices are a precondition for combining. Figure 1 shows, in chronological order, the practices related to the respective KBDC. If we think in terms of sustainable innovation, some issues need to be taken into account if we want to think beyond the Green Plastic Project and understand these practices as capable of providing theoretical generalizations about sustainable innovation: (a) Collaboration is a key sustainable innovation [1] ; (b) radical, rather than incremental, changes are required in consumption production systems [6] ; (c) sustainable innovation is at the heart of organizations' strategic agendas [2,4]; and (d) there is a need for more sustainable disruptive innovations in the chemical industries [5] .
That said, first, the practices described reinforce what Zheng et al. [19] discussed about acquisition and creation being preconditions for the combination and thereby contributing indirectly to innovation. Second, due to the fact that collaboration is a fundamental part of sustainable innovation, the combination practices were the ones that occurred the most and became more numerous the closer we came to disruptive innovation (Green PP). The actions that emerged as fundamental within this micro-foundation were the partnerships formed to solve joint problems, integrating knowledge from different segments, teams and individuals, and the combination of internal and external knowledge to generate new knowledge (Green PP).
The acquisition practices proved to be important at the beginning of the Project and demonstrated that for the company to invest in sustainable innovation, it must first have the capacity to acquire fundamental knowledge of processes and production. Creation practices have occurred throughout the Project, providing support for the combination practices. In other words, to develop sustainable innovation, the company needs to be able to create knowledge internally before collaborating. In this sense, the ability to create managerial and marketing knowledge was important. As sustainable innovation is at the heart of organizational strategy, management-related actions are needed to create conditions for the creation/generation of new technological knowledge. Finally, as in chemical industries, there is a need for sustainable disruptive innovations. The combination KBDC needs to be prioritized to enable new knowledge to be generated. Acquisition of strategic assets dimension [19] . Later, this knowledge would contribute to the company's innovation capacity and, consequently, its competitiveness [42, 43] . Therefore, the practices related to this dimension are understood as capable of increasing the company's ability to obtain and sustain a competitive advantage in the market [43, 67] . Table 1 presents the micro-foundations, examples of actions and empirical evidence of these actions. Therefore, it can be seen that in 1995 Odebrecht identified the existence of a useful external knowledge. Here, absorptive capacity was evidenced in the terms of Cohen and Levinthal [42] . An opportunity for the assimilation and application of new knowledge for commercial purposes was identified; this result leads us to understand this phase as predominantly tied to the acquisition dimension [19] . Later, this knowledge would contribute to the company's innovation capacity and, consequently, its competitiveness [42, 43] .
Therefore, the practices related to this dimension are understood as capable of increasing the company's ability to obtain and sustain a competitive advantage in the market [43, 67] . Table 1 presents the micro-foundations, examples of actions and empirical evidence of these actions. responsibility is an essential part of business strategy." [66] Processes and Production "I was invited, plus a few Cracker people who also had specific knowledge of this production of ethylene, and the motto was precisely to try to make improvements in the production process of Green Ethene [ . Analysis of the value chain Management "Braskem starts using the Life Cycle Assessment (LCA) methodology of its products." [62] 4.3. Phase 3: The Innovations Green Polyethylene and Green Polypropylene (2006 to date)
Braskem entered a new phase of developing its knowledge-based dynamic capabilities on October 11, 2006. This date marks a historic milestone, as it features the deposit of the company's first patent, a petrochemical molecule obtained from a renewable source. Braskem's exclusive patent, BR200604284: Integrated process of the production of "I suffer" [70] , is the first of many patents
Companies from different markets "The partnership between Braskem and Brinquedos Estrela (a toys maker) marked the launch in 2008 of the first pilot scale commercial project of green polyethylene, a renewable raw material made from sugarcane. Innovation, creativity and professionalism from both companies are part of the history of Banco Imobiliário Sustentável (Sustainable Monopoly). Carlos Tilkian, Chief Executive Officer of Estrela, learned about the Green polyethylene (PE) project from the newspapers and believed, from the beginning, on the sustainability appeal of the product. As a Braskem customer, I immediately thought about participating in the project using green polyethylene in one of our toys. Estrela is always in search of innovations, and we wanted to test the novelty." [80] Strategic Partnerships with other companies Technical cooperation agreements Scientific collaboration "Braskem signed a partnership with the National Laboratory of Biosciences (LNBio), in Campinas, in the countryside of São Paulo, to establish a laboratory to be used by the company's researchers' team. In the new facilities will be carried out researches in the area of biotechnology for the development of a plastic using chemical route that will be at the same time economically competitive and sustainable using raw materials from renewable sources." [73] Scientific collaboration "And we also did with Novozymes, a biotechnology company, which we also made a partnership with that started around 2009 or 2010. The goal was to make green propylene directly from sugar in a competitive way." (Interview 7) Monopoly) . Carlos Tilkian, Chief Executive Officer of Estrela, learned about the Green polyethylene (PE) project from the newspapers and believed, from the beginning, on the sustainability appeal of the product. As a Braskem customer, I immediately thought about participating in the project using green polyethylene in one of our toys. Estrela is always in search of innovations, and we wanted to test the novelty." [80] Strategic Partnerships with other companies Scientific collaboration "And we also did with Novozymes, a biotechnology company, which we also made a partnership with that started around 2009 or 2010. The goal was to make green propylene directly from sugar in a competitive way." (Interview 7)
Technical cooperation agreements
Technical cooperation agreements Scientific collaboration "Braskem signed a partnership with the National Laboratory of Biosciences (LNBio), in Campinas, in the countryside of São Paulo, to establish a laboratory to be used by the company's researchers' team. In the new facilities will be carried out researches in the area of biotechnology for the development of a plastic using chemical route that will be at the same time economically competitive and sustainable using raw materials from renewable sources." [73] Scientific collaboration "Braskem signed a partnership with the National Laboratory of Biosciences (LNBio), in Campinas, in the countryside of São Paulo, to establish a laboratory to be used by the company's researchers' team. In the new facilities will be carried out researches in the area of biotechnology for the development of a plastic using chemical route that will be at the same time economically competitive and sustainable using raw materials from renewable sources." [73] Participation in fairs In a public commitment disclosed to the market and to the company on August 16, 2002, Braskem was strategically positioned as a company guided by two pillars, innovation and sustainable development [66] . Soon after the creation of Braskem, the possibility of reactivating the Salgema ethanol plant was placed on the agenda, in internal discussions of the company. However, in the following year (2003), the company decided to start the search for production processes that allow the use of renewable raw materials. Immediately, the proposal to revisit Salgema's ethanol production project gained strength.
Therefore, the practices related to this dimension are understood as capable of increasing the company's ability to obtain and sustain a competitive advantage in the market [43, 67] . Table 1 presents the micro-foundations, examples of actions and empirical evidence of these actions. restructuring of the Brazilian petrochemical industry process. All our actions were guided by the vision of building a world-class Brazilian petrochemical company committed to the principles of creating value, continuous innovation, excellence in products and processes and customers appreciation. Our work is founded on a quality logic, competitiveness and sustainability, where environmental responsibility is an essential part of business strategy." [66] Companies in the same industry "Braskem joins Europe's Bio-based Industries Consortium (BIC) [ . . . ] By joining BIC, Braskem has become part of a wider network committed to bringing bio-based products to market." [82] Search for quality certifications Management "Braskem received new International Sustainability and Carbon Certification (ISCC) Plus and Bonsucro certifications this week for its polyethylene and basic petrochemical units, both located at the Triunfo hub in Rio Grande do Sul. With these labels, which ensure sustainable measures in the manufacturing process, Braskem meets the request of customers of Green PE, material produced from ethanol and sugarcane." [83] Production of product innovations Technology "Following the strategy of strengthening renewable chemistry, Braskem launches resin produced from sugarcane. Attentive to the competitiveness and market demand, in order to reach this new solution, Braskem made adaptations in the factory located in Triunfo-RS for the production of the renewable resin. [...] the renewable source EVA (ethylene-vinyl acetate copolymer) resin, a sustainable innovation of Braskem's I'm green brand." [77] Marketing initiatives that seek to add value to the product and the image of the company Marketing "The trophies given to the best riders in the race are more than special: besides being designed by the architect Oscar Niemeyer, they are made of the so-called" green plastic ", the creation of a Brazilian company.
[...] This trophy is the first international disclosure of green plastic, in addition to participation in specialized fairs." [72] Technology Patent BR200604284: Integrated process of production of "I suffer". [70] Sectors/teams dedicated to innovation production Analysis of the value chain Management "Braskem starts using the Life Cycle Assessment (LCA) methodology of its products." [62] 4.3. Phase 3: The Innovations Green Polyethylene and Green Polypropylene (2006 to date)
A relevant event in this period occurred on August 21, 2007 , when Braskem announced to the world: "Braskem has the first certified Green Polyethylene in the world". The certification was given Analysis of the value chain Management "Braskem starts using the Life Cycle Assessment (LCA) methodology of its products." [62] 4.3. Phase 3: The Innovations Green Polyethylene and Green Polypropylene (2006 to date)
A relevant event in this period occurred on August 21, 2007 , when Braskem announced to the world: "Braskem has the first certified Green Polyethylene in the world". The certification was given Management "Braskem received new International Sustainability and Carbon Certification (ISCC) Plus and Bonsucro certifications this week for its polyethylene and basic petrochemical units, both located at the Triunfo hub in Rio Grande do Sul. With these labels, which ensure sustainable measures in the manufacturing process, Braskem meets the request of customers of Green PE, material produced from ethanol and sugarcane." [83] Production of product innovations Analysis of the value chain Management "Braskem starts using the Life Cycle Assessment (LCA) methodology of its products." [62] Management "In 2010, Braskem redefined its long-term vision, formalizing the incorporation of the principles of sustainable development into its strategic management. At the end of this decade, the Company wants to play the following role in Brazil and in the world: to be the world leader in sustainable chemistry, innovating to better serve people." [74] Incentive to start ups, aligned with the core business 
Conclusions
The inclusion of sustainability at the heart of organizations' strategic agendas, and the identification of knowledge as fundamental to innovation, make knowledge-based dynamic capabilities play a key role in the development of sustainable innovations, and these innovations are fundamental in achieving and maintaining the competitiveness of organizations. In this context, attention to the collaborative practices that allow the search for external knowledge (open innovation), which are orchestrated with the internal knowledge by the KBDC, is fundamental to understanding the knowledge creation flows and innovation processes of the companies. Therefore, the objective of this work was to investigate the influence of KBDC in the process of developing sustainable innovations.
To meet the objective, we started with the model proposed by Zheng et al. [19] , which divides KBDC into three dimensions: acquisition, creation and combination of knowledge. Within each dimension, we identified Microfundaments (practices) in order to observe how they behave in the development of sustainable innovations, that is, in a process analysis.
Firstly, we identified that the practices linked to each of the dimensions change over time and that the dimensions themselves are more or less mobilized depending on the phase of the project. In this way, we have been able to identify three distinct phases in the development of the Green Plastic Project.
The first phase of the Green Plastic Project (1995 to 2003) had more micro-foundations linked to management actions and approached the acquisition dimension. This shows that in the case of sustainable green plastic innovation, it was necessary, initially, to have an absorptive capacity.
The second phase of the Project (2003 to 2006) had micro-foundations linked to management actions within the creation dimension, which were characterized as structural and pertaining to certification. However, it was the use of multidisciplinary teams and partnerships with stakeholders linked to knowledge-building practices integrating different segments, groups and individuals that made it possible to integrate and apply internal and external knowledge. The fact that the company initiated studies with PP from customer demands, as well as voluntarily sought certification of environmental quality, is an expected behavior according to previous studies by Liu et al. [86] ; this process demonstrates that the power relations between supplier and customer are a strong vector of promoting sustainability. Thus, the combination, which was marked by the launch of the Green PE to the market, was the dimension that stood out in this second phase. It was also possible to realize that the practices of the creation dimension served as a precondition for those of the combination; according to Zheng et al. [19] , this probably happened because sustainable innovation is considered open and collaborative [6, 52] , that is, it depends on the combinatorial capacities of firms [87] , which are directly responsible for innovation performance according to Zheng et al. [19] .
The last phase was the longest (2006-present) and was characterized by a mixture of micro-foundations of acquisition, creation and combination, with emphasis on the last two. Within the creation dimension, micro-foundations linked to management, marketing and technology actions occurred and served as support for the combination dimension that was occurring. In the combining dimension, partnerships, agreements, consortiums, were linked to actions: the knowledge of different segments, technological or market fields (companies from different markets, companies from the same industry and scientific collaboration); and adapting the internal structure and the process to combine knowledge effectively (process and production). At this stage, we also noted that the micro-foundations of acquisition and creation are presented as pre-conditions for those of combination. Thus, in this case, it was the combination capacity possessed by the company, which, in the middle of creation and acquisition, directly promoted innovation according to Zheng et al. [19] .
In this way, KBDC changed because each stage of developing a sustainable innovation required a set of distinct micro-foundations tied to different organizational actions. At the beginning, the microfoundations were more linked to high management processes, which resulted in the acquisition of assets and strategic alliances. The more advanced the project, the more it was necessary to integrate knowledge practices from different segments, technological or market fields, because the company does not have the breath to supply all the technological advances demanded. Following the logic proposed by Zheng et al. [19] , acquisition and creation support combination and act indirectly on innovation, while combination acts directly on innovation performance. This result fits with the proposal of Demirel and Kesidou [88] , who suggest that companies should "develop capabilities in green market sensing as such capabilities allow them to address green consumption needs" (p. 1).
This work sought to contribute to the operationalization of knowledge-based dynamic capacities in an organizational context, specifically in the development of sustainable innovations, which presented itself as a field gap. Thus, in addition to the recognition that knowledge creation practices can generate new capabilities in companies [40] , the results of this study demonstrate how this can occur. For managers, such operationalization is important, for example, to reveal which practices should be favored along the flow of knowledge for the generation of innovation.
For the subject of sustainable innovations, this study signals important practices within knowledge-based dynamic capacities like investing to achieve disruptive innovation, such as the Green PP, with emphasis on cooperation strategies, in order to create knowledge with other partners. This result reinforces what has been established by Dietrich et al. [53] : When one talks about innovation and, especially sustainable innovation, a single company cannot handle the creation of knowledge necessary for new technologies alone, collaborative practices with stakeholders are fundamental to account for the knowledge flows needed for innovation. This finding indicates that, as [89] point out, policy makers should be encouraged to favor collaboration to promote sustainable innovations, since public subsidies have been important in promoting and succeeding in open innovation.
As a limitation, this study used retrospective interviews, so it is necessary to take into account that the interviewees' reports had already happened and, in some cases, at a relatively distant time of more than 15 years. However, this limitation was minimized by the use of secondary data that was cross-referenced to the interviews to check the information. Another limitation of this study was the choice not to include the economic parameters of the company in the analyzed data scope. Thus, future studies may focus on this topic to analyze the economic impact of KBDC on company performance. 
